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We carried out this study to evaluate bird species diversity and to model bird species abundance using
Uchali Wetland, Pakistan (32330N, 72010E). Data obtained were subjected to summary statistics, di-
versity analysis using both Simpson diversity and Shannon evenness index, and rank abundance curve
and model. The watershed supports a total of 25,361 birds of 47 bird species, which is appreciably less
than the number of bird species supported by the same wetland in the recent past (1991). The species
encountered represent 24.5% of the 192 bird species reported earlier and translate to 6.59 species
decrease annually. Total evenness among the entire bird species encountered were absent for each year
but can be obtained as the ranks increases and this differs annually. Evenness index (EI) analysis showed
that EI for 2011 is 0.0231, for 2012, it is 0.02, for 2013, it is 0.01, and for the annual mean, it is 0.046
indicating functional abundance of the species. Bird species diversity measurement can be enhanced by
the use of the modiﬁed rankeabundance curve and would clearly present the true picture of the bird
species abundance.
Copyright  2016, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).92
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Biodiversity revolves round the habitat, the wildlife species
(including birds), and their interaction. Its (biodiversity) measure-
ments have been deﬁned (Andy and Andy 2000; Ojo 1996) as the
evaluation of species, habitat, and genetic diversity of a given area.
Diversity measurement can be of two forms: (1) the alpha (a) di-
versity which measures the richness and evenness of individuals
within a habitat unit which is the focus of this study; and (2) beta
(b) diversity which measures the diversity of the species across
different habitats. A series of biodiversity measures have been
proposed and include species richness, species evenness, species
abundance, species rarity, and genetic variability. This work focuses
on only the species particularly bird species diversity. Bird species is
one of the crucial components of a wetland in its functions as
bioreserve in addition to recreation and ecotourism [Desgrangesuseum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.
111
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116
, et al., Birds’ species diversit
i.org/10.1016/j.japb.2016.06.0et al 2006; Pakistan National Wetlands Policy (PWP) 2012]. One
of the criteria for designating a water body as wetland of interna-
tional importance is its ability to regularly support 20,000 or more
water birds (Ramsar Convention Secretariat 2013). Wetlands (such
as streams, lakes, rivers, and seas) can be described as a connection
between dry and aquatic habitats and are amongst the world’s
fertile and productive ecosystems (Dahl and Johnson 1991). They
are transition zones between terrestrial and aquatic systems where
usually the water table is at or near the surface, or the land is
covered by the shallow water (Cowardin et al 1979; Lameed 2011).
Wetland bird species provides arrays of support to the wetland and
these ranges from ecosystem balance through insect and rodent
population control, seed dispersal, bioindicator of habitat health,
and acting as food for humans and other animals that prey on them.
Wetland birds are also a source of uniting factors between coun-
tries through their migratory activities and bird viewing is now
becoming a major component of wildlife tourism activities in the
Western world. Indeed, bird watching is becoming one of the
fastest growing recreational activities in Australia, New Zealand,
United States, and some otherWestern countries generating sizable
economic beneﬁts from the tourists (Jones and Buckley 2001). It has
been established that bird watchers spent $5.2 billion in 1991 alone(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
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JAPB173_proof ■ 20 July 2016 ■ 2/9on associated goods and services thereby supporting almost
200,000 jobs (Sodhi et al 2004; Tourism Queensland 2002).
Different types of wetland have been established though, the sta-
tistics characteristics of biodiversity data obtained from any of the
wetland types are bound to be the same. Therefore, the use of the
study site is a mere test case which can be adopted for any other
types of wetland site globally. The relationship between wetland
and bird species could be said to be bidirectional because the
wetland is also found to play important role in shaping bird species
richness (Skórka et al 2006).
Biodiversity measurements including taxonomic distinctness,
measure of biodiversity (Clarke and Warwick 1999), taxonomic
distinctness, and its statistical properties (Hall and Greenstreet
1998) are well known in literature. Also, further examination of
two new taxonomic distinctness measures (Somerﬁeld et al 1997),
species abundance distribution over time using probability density
function to compare between temporal and spatial pattern of
abundance and occurrence (Culbert et al 2012; Magurrau 2007)
have been studied. All this work notwithstanding, the need for
periodic study of biodiversity measure in the face of global envi-
ronmental challenges (like unstable weather condition, habitat
destruction, and increase natural disaster) cannot be over stressed.Figure 1. Location map of Uchali Wetland
Please cite this article in press as: Dauda TO, et al., Birds’ species diversit
Asia-Paciﬁc Biodiversity (2016), http://dx.doi.org/10.1016/j.japb.2016.06.0This study is justiﬁed from the need for the creation of
accountability of the bird species of the wetland and establish a
baseline by which a success or potential for improvement can be
quantiﬁed. It has been established that the full potential of the
wetland birds have not been utilized and these utilizations can only
be realized with appropriate biodiversity measurement. Results of
diversity measurements thus provide support service to the
intending host/investment of the business. The objective of this
study is therefore to evaluate bird species diversity and model the
bird species abundance of the Uchali Wetland, Pakistan.
Materials and methods
This study was conducted using data from Uchali Wetland (a
Ramsar site), the largest of the three wetlands of the Uchali Wet-
lands Complex (Salt Range, Punjab, Pakistan). It covers an area of
943 ha with depth ranging between 0.2 m and 6 m and altitude of
764 m above the sea level (Figure 1). It is a brackish to saline water
body with pH> 8 and is surrounded by agricultural ﬁelds. The
Uchali Wetland located in Soon Valley (3233ʹN, 7201ʹE), is of
global importance for supporting various waterfowl species and
was designated as a Ramsar site (under Ramsar Criterion 1b) ins Complex (adapted from PWP 2012).
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Table 1. Summary statistics for the diversity variables.
Mo Y Evenness Individual Diversity
Mean SD Mean SD Mean SD
January 2011 0.201 0.023 18,418.5 0.021 0.75 0.020
2012 0.234 0.027 33,812 0.024 0.84 0.028
2013 0.217 0.045 24,407 0.035 0.807 0.035
Total 0.217 0.0277 25,545.833 6,720.082 0.799 0.046
February 2011 0.206 0.004 18,487 0.014 0.75 0.024
2012 0.222 0.036 33,091 0.048 0.842 0.048
2013 0.214 0.012 23,945.5 0.022 0.802 0.032
Total 0.214 0.028 25,174.5 6,390.542 0.798 0.048
Mean 2011 0.195 0.048 18,452.75 0.048 0.75 0.038
2012 0.218 0.025 33,451.5 0.022 0.841 0.015
2013 0.213 0.003 24,176.25 0.013 0.805 0.002
Total 0.209 0.029 25,360.167 6,555.067 0.799 0.048
SD¼ standard deviation.
Table 2. Generalized linear model analysis summary for some diversity variables. Q20
Evenness Individuals Diversity
F-statistics Months 0.192 (3 108)** 0.004
Years 1.46 (6 1011)** 20.606**
Mean separation January 0.2173 25,545.83b 0.799
February 0.2141 25,174.5a 0.798
2011 0.2006 18,452.750c 0.750c
2012 0.2248 33,451.500a 0.84097a
2013 0.2146 24,176.250b 0.8056b
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JAPB173_proof ■ 20 July 2016 ■ 3/9March 22, 1996 (Ali 2005). It is a natural lake mainly fed by rain and
its runoff through natural hill torrents, while seepage and runoff
from adjacent irrigated land and seasonal water springs around the
lake also add water in the lake. Water level ﬂuctuates mainly in
accordance with the amount of rainfall in the catchment area. The
wetland is a source of aquifer recharge and regulates local climate
while ecologically considered as an important wintering and
staging ground for water birds migrating along the Indus ﬂyway,
particularly ducks and waders (PWP 2012). The watershed area
comprises of community, state-owned forests, and rangelands.
The Uchali Wetland is famous for its unique and fragile land-
scape and rich biodiversity. It provides habitats to mammals
including the endemic and endangered Punjab Urial (Ovis vignei
punjabiensis), Chinkara (Gazelle bennettii), and Red Fox (Vulpes
vulpes). The forests of Salt Range are part of the subtropical
broadleaved evergreen forests of Pakistan (PWP 2012). The climate
of the area is drying subtropical with hot summers and cool win-
ters. Average annual rainfall varies from 300 mm to 800 mm and
the relative humidity from 22% to 85%. Temperatures range from an
average minimum of 0.5C in January to an average maximum of
36C in June.
From 2011 to 2013, data on birds’ species frequencies and birds’
frequencies were obtained using point count method in January
and February which represents the peak period of the migratory
birds. In point count method, a person stands in a speciﬁc location
and counts the number of individual birds of each species within
certain radius of a circle (Hostetler and Martin 2001). Five data
collection points were established and were at the recommended
international distance from each other. These data were recorded
four times during the period at intervals of 20 days and from a few
minutes before sunrise until 2 or 3 hours after the sunrise when the
birds are usually active. Data collected were subjected to summary
statistics including mean and standard deviations of the encoun-
tered species, diversity analysis using both Simpson diversity and
Shannon evenness index. Simpson diversity index have been
deﬁned as;
I ¼
P
nðn 1Þ
NðN  1Þ (1)
where n¼ number of birds in each of the species and N¼ total
number of all birds irrespective of species.
This index [Eq. (1)] has been described as an unbiased estimator
of l which is the measure of the concentration of the classiﬁcation
(Ojo 1996; Simpson 1949).
Species abundance was obtained by ranking the species ac-
cording to their frequencies and then proportions of each species
were obtained using Eq. (2)
Species abundance Sa ¼ SnN (2)
where Sn¼ number of the bird in the reference species and
N¼ total number of birds.
Sa was plotted against their ranks to obtain species abundance
chart and evenness ratio was derived from the above using
Er ¼
Sn;b
Sn;a
(3)
where Sn,a¼ aggregate of the frequencies of the species that are not
among the evenly distributed and Sn,b¼ aggregate of the fre-
quencies of the species that are among the evenly distributed.
Species abundance charts were modiﬁed by grouping the original
species encountered into two (uneven and even) groups andPlease cite this article in press as: Dauda TO, et al., Birds’ species diversit
Asia-Paciﬁc Biodiversity (2016), http://dx.doi.org/10.1016/j.japb.2016.06.0species were reranked based on their new group and they are
thereafter plotted. Two models (linear and cubic models) were
investigated in this study. The data were initially subjected to their
natural logarithm and were then subjected to regression model
using least square methods. Model statistics such as coefﬁcient of
determination R2 and the residual sum of square were used to
evaluate the model performances. This study used Microsoft excel,
PAST, and SAS (version 9) for the analysis.
Results
Summary statistics and generalized linear models
Generally, the water shed support total of 47 bird species of
aggregate population of 25,361 birds and the most prominent of
the species is Fulica atra (Eurasian/common coot) while the least
occurring species is Ciconia nigra (black stork). The result of the
summary statistics analysis showed that highest mean of all the
indices (evenness, frequencies, and diversity) were obtained in
2012 while the least were those returned for 2011 (Table 1). The
same trends were maintained for both months of January and
February and the variability according to the standard deviation
increases annually for all the indices for the month of January
(Table 1). The variability of the indices for the month of February
followed the same pattern as the mean.
The generalized linear model of the diversity indices (evenness,
individuals, and diversity) returned signiﬁcantly different means
for individual bird species encountered in terms of month and year.
This is because the F statistics obtained for themonths (3108) and
the years (61011) were signiﬁcant (p< 0.01). The F statistics of the
diversity obtained for the year (20.606) was equally signiﬁcant
(p< 0.01) while the mean returned for all other sources of varia-
tions were not signiﬁcant (Table 2). Mean separation of the
monthly bird species encountered showed that birds encountered
in February were signiﬁcantly higher than that of January (Table 2).
Also, the highest birds frequency obtained in 2012 (33,451.5) was
signiﬁcantly higher than that obtained in 2013 (24,176.25) and they measurement of Uchali Wetland (Ramsar site) Pakistan, Journal of
11
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JAPB173_proof ■ 20 July 2016 ■ 4/9least signiﬁcantly different was that obtained for 2011 (Table 2). The
pattern of partitioning of the annual diversity index was similar to
that of the birds’ frequencies. The Duncan multiple range test
(DMRT) partitioned the diversity index into three signiﬁcantly
different classes: the 2012 diversity index (0.841) was greater than
the 2013 diversity index and the least was the 2011 diversity index
(Table 2). This implied ﬂuctuation in bird species availability and
that, though there might be signiﬁcant difference in the abundance
of the bird species, this might not be sufﬁcient to cause the same
(signiﬁcance difference) in other biodiversity indices. Based on the
similarity of the pattern of signiﬁcant difference between the in-
dividual and diversity index, relationships between the two can be
suspected.A
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Figure 2. Rankeabundance chart for 2011, 2012, 2013 showing: A, evenness point; and B, r
abundance exists for each year.
Please cite this article in press as: Dauda TO, et al., Birds’ species diversit
Asia-Paciﬁc Biodiversity (2016), http://dx.doi.org/10.1016/j.japb.2016.06.0Bird species abundance and abundance model
The abundance analysis chart showed that pattern of abundance
for the 2 months of the study in each of the years were the same
(Figure 2). This is not unconnected with the insigniﬁcant difference
existing between the bird species abundance in both months thus
making the trends falling on the same line. The abundance analysis
showed that evenness among the entire bird species encountered
were absent for each year since a total horizontal pattern of the
lines cannot be obtained. Evenness however can be obtained as the
ranks increases and this differs annually. Evenness for the 2011 is
obtainable from the 14th rank, for 2012 it is from 20th rank, and for
2013, it starts from the 18th rank (Figures 2Ae2C). The abundance23 25 27 29 31 33 35 37 39 41 43 45
anks
Y 2 Y 3
12 
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nks
2012 2013
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JAPB173_proof ■ 20 July 2016 ■ 6/9analysis of the mean annual bird species showed a discernible
pattern of unevenness among the annual mean until the 17th rank
(Figure 2D) and evenness sets in at the 18th ranks. These results
imply that bird species evenness can only be found among species
with lower frequencies while species with high frequencies are
indeed diverse. From these abundance charts, the evenness index
(EI) analysis showed that EI for 2011 is 0.0231, for 2012, it is 0.02, for
2013, it is 0.01, and for the general mean, it is 0.046. These indicate
that the relative index of evenness in each year is very low. A
modiﬁed form of abundance chart (Figure 3) can be suggested so
that the true status of the population is known. The modiﬁed
abundance chart clearly showed that both even and uneven groups
are not evenly distributed (Figures 3Ae3D). This indicates that theTable 3. Abundance models for the Wetland births species.
Models’ type Models R2 Residuals
sums
Linear model 2011 0.1796x þ 2.5811 0.975 0.00124
2012 0.178x þ 2.4419 0.9747 0.023235
2013 0.2121x þ 2.5792 0.9568 0.017118
Mean 0.173x þ 2.4379 0.9558 0.00039
Quadratic
model
2011 Y ¼ 0.0003x3 þ 0.0172x2
 0.5361x þ 3.9832
0.9859 17.59676
2012 Y ¼ 0.0001x3 þ 0.0108x2
 0.4144x þ 3.7435
0.9908 44.6911
2013 Y ¼ 0.0003x3 þ 0.0198x2
 0.536x þ 3.9516
0.9936 0.477118
Mean Y ¼ 0.0002x3 þ 0.0128x2
 0.453x þ 3.786
0.9963 40.22201
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Please cite this article in press as: Dauda TO, et al., Birds’ species diversit
Asia-Paciﬁc Biodiversity (2016), http://dx.doi.org/10.1016/j.japb.2016.06.0modiﬁed abundance group chart would give a better/clearer
description of the population.
The species abundance model explored in this study returned
high and signiﬁcant model statistics (Table 3). The coefﬁcient of
determination R2 returned for the linear models ranged from 0.956
for both all year aggregate and 2013 model to 0.975 for the 2011
model. The sum of residual ranged between 0.00124 for the 2011
model and 0.023 for the 2012 model. The coefﬁcient of determi-
nation R2 for the cubic model ranged between 0.986 for 2011 and
0.996 for the annual aggregates (Table 3). The cubic model appar-
ently would give higher predictability than the linear model but the
sum of the residual which is lesser in the linear model makes it
more parsimonious. The linear model is thus the favored abun-
dance model for the bird species of the study area.80
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The goal of the scatter diagram is to present the distribution of
the various species according to their frequencies and variance
covariance matrices using the principal component approach. The
signiﬁcance of the result of the scatter plots were further evaluated
by the imposition of the 95% ellipses on the resultant scatter plots.
The scatter plot of the bird species encountered showed that
most of the species were found clustering together (Figures 4Ae
4D) except a few species which clearly distinguish themselves from
others. Two bird species that distinguished themselves across the
year are Aythya ferina (AYFE) and Fulica atra (FUAT). In addition, the
number and bird species that distinguished themselves apart fromACHY
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JAPB173_proof ■ 20 July 2016 ■ 7/9the mentioned species differs annually. These are Tachybaptus
ruﬁcollis (TARU), Bubulcus ibis (BUIB), and Pulvialis squatarola
(PUSQ) in 2011; Anas crecca (ANCR), Anas platyrhynchos (ANPL), and
Larus ridibundus (LARI) in 2012; and Anas platyrhynchos (ANPL) and
Himantopus himantopus (HIHI) in 2013. Both Aythya ferina (AYFE)
and Fulica atra (FUAT) were, however, the most distinct bird species
for the mean of the annual bird species encountered. Similarly, only
Aythya ferina (AYFE) and Fulica atra (FUAT) were the signiﬁcant bird
species for 2011 according to the 95% ellipses of the scatter diagram.
In 2012, both Anas crecca (ANCR) and Anas platyrhynchos (ANPL)
were also signiﬁcant in addition to the Aythya ferina (AYFE) and
Fulica atra (FUAT) while Anas platyrhynchos (ANPL), Aythya ferina
(AYFE), and Fulica atra (FUAT) were all signiﬁcant in 2013 (Figure 5).
From these results, it could be established that the wetland has
been dominated by some bird species and that these dominant
species vary annually and the variation is statistically signiﬁcant.
Discussion
The bird species supported by the wetland as established in this
study is appreciably less than the number of bird species supported
by the same wetland in the recent past (1991). These species
represent 24.5% of the 192 bird species reported earlier (Roberts
1991). It is also very low compared to 110 bird species of 13,872
birds recorded for wetland birds in Malaysia (Zakaria and Rajpar
2010), 56 bird species of 59,387 waterbirds (Ghasemi et al 2012),
and 278 birds species (Heiss 2013). When this is translated into
annual decreases in the number of wetland bird species, it amounts
to an annual decrease of 6.59 species. The reduction in the number
of species could however be attributed to ﬂuctuation in the water
surface area of the wetland since a positive relationship betweenACHY
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Figure 5. 95% Ellipses of the scatter diagram of the bird species abundance for: A, 2011;
AYFE¼ Aythya ferina; BUIB¼ Bubulcus ibis; FUAT¼ Fulica atra; HIHI¼Himantopus himantop
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Asia-Paciﬁc Biodiversity (2016), http://dx.doi.org/10.1016/j.japb.2016.06.0intraspeciﬁc local abundance of birds and occupancy across wet-
lands has been established (Maclean et al 2011; Sharma and Saini
2012). It has also been established that waterbirds select wet-
lands in relation to the location of their feeding grounds or repro-
ductive areas (Raeside et al 2007). Also, local use of the wetland
vegetative structure can affect habitat use bywetland birds (Naugle
et al 1999; Rittenhouse et al 2012) and consequently reduction in
the population in terms of species and frequencies. Predator refuge
and feeding hypothesis are two other possible causes of the
reduction of the waterbird species as proposed by Ghasemi et al
(2012). Migrating birds which also form part of the waterbird
population have also been found to react to harsh weather condi-
tions (Mingozzi et al 2013; Schlatter et al 2002). The most intensive
driver of this species reduction is habitat alteration and it is
congruent with Gonzalez and Farina (2013), Reif (2013), and Russell
et al (2014).
Also, signiﬁcance differences among some of the means (like
evenness and diversity variables) for the months could not be
established in this studywhile themean returned for the individual
species are signiﬁcant. This conﬁrms the effect of temporal lag (of
20 days) on the diversity of birds since the individuals and the di-
versity for the year were signiﬁcant. It is apparent from this dis-
cussion that, while some of the diversity variables under
consideration are time dependent, others are not. This is indicative
of the need for consideration of a temporal dimension in bird
species diversity measurement. The bird species abundance ob-
tained in this study gave apparent pictures of species evenness at
the latter species ranking for the difference temporal species
abundance (species encountered in different years). There is a
shared data convergence as propounded by the law of convergence
(Serﬂing 1980) and, based on this, an inaccurate picture of speciesACHY
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JAPB173_proof ■ 20 July 2016 ■ 8/9abundance would be presented. A modiﬁed rank abundance curve
which put into consideration the unison of the bird species data has
therefore been established in this study. An evenness ratio, which
considered the ratio of the two groups in the modiﬁed ranke
abundance curve, has also been established. The essence of the
evenness ratio was to be able to fathom enormity of members of
each of group thereby presenting functional abundance of the bird
species (Hadly and Maurer 2001; Rosenzweig 1995).
The rank abundance model arrived at in this study generally
gave strong relationships between bird species abundance and
their ranks, unlike the relationship between blackbird abundance
and waterfowl (Forcey et al 2008) and the avian species richness
model (Culbert et al 2012). Also, an exponential model of ranke
abundance of bird species gave a lower coefﬁcient of determination
of 0.48 (Hadly and Maurer 2001). Similarly, the model validation
analysis established aminimal sum of residuals for the linearmodel
compared to the cubic model. The linear model based on this
validation and other model statistics is the most parsimonious
model for rankeabundance relationships of wetland bird species.
This model is similar to one adopted for watersheds in tropical
regions (Lameed 2011).
In conclusion, bird species diversity measurement as estab-
lished in this study can be enhanced by the use of the modiﬁed
rankeabundance curve instead of the conventional rankeabun-
dance model. This would clearly show a true picture of bird species
abundance since the data convergence would have been taken care
of. Similarly, the evenness ratio provides a measure of functional
abundance of the bird species in the wetland and the rankeabun-
dance model can be adopted for use anywhere in the globe because
data convergence is not site speciﬁc. The main goal of conservation
is the management of natural resources (including water birds) for
the purpose of sustaining biological diversity (biodiversity).
Meanwhile, biodiversity has been said to exhaust the goal of con-
servation (Sarkar 2006). This study is therefore important to con-
servation in providing evidence of continuous support of the
services enhanced and provided by the water birds. This is
achievable through the adoption of appropriate diversity mea-
surement tools as established in this study. Similarly, diversity
measurement as established in our work was a reﬂection of
adaptive potential of bird species in a changing environment. Lastly,
this study might have utilized data from a selected wetland site but
its uses extend to other areas where diversity measurement tools
are found useful. It is therefore recommended that the bird species
diversity ﬂuctuation can be taken care of if the factors of the bird
species abundance are taken care of.14
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